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(54)  FLUID PUMP

(57)  Afluid pump (18) comprising a housing (30) re-
ceiving a camshaft (36) which is rotatable within rotation-
al guiding means (38a, 38b), the camshaft cooperating
with a pumping plunger of the fluid pump to actuate the
pumping plunger to reciprocally move in order to pres-
surize fluid within a pump chamber, the camshaft (36)
being exposed to a fluid to lubricate the camshaft, in use,

characterized in that the camshaft (36) is provided with
an integral fluid damper (42) comprising a bellows device
(42) configured to damp hydraulic waves propagating in
the return and inlet lines in the fluid lubricating the cam-
shaft (36) and flowing through the rotational guiding
means (38a, 38b).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a fluid pump,
which is suitable for use in pumping fuel in an internal
combustion engine, and particularly a compression igni-
tion internal combustion engine.

BACKGROUND OF THE INVENTION

[0002] Afuelcircuitfeeding a vehicle engine comprises
a lift or low pressure fuel pump that flows fuel from a low
pressure tank to a high pressure fuel pump that pressu-
rizes fuel to a high level prior to its delivery to injectors
of the engine.

[0003] A high pressure pump known in the artincludes
a rotating camshaft which cooperates with a plunger, or
a plurality of plungers, to pressurize fuelina compression
chamber. Each plunger is slidable within a bore defined
within a housing, with the compression chamber defined
at the end of the bore so that movement of the plunger
within the bore reduces and expands the volume of the
compression chamber during a pumping cycle as the
camshaft rotates. The camshaft is guided in rotation be-
tween two bushings. In operation, a back flow of low pres-
sure fuel fills the volume surrounding the camshaft and
flows through the bushings, lubricating the surfaces, and
returning to a low pressure fuel return line as well as to
a low pressure inlet and the cam box. Hydraulic waves
propagate in the back flow and generate pressure pul-
sations and noise within the pump assembly. The pres-
sure pulsations impact the other components of the low
pressure fuel return line, such as a filter, and are unde-
sirable.

[0004] Solutions have been proposed to address the
problem of pressure pulsations in the back flow of fuel,
including the use of low pressure regulators that feed the
pulsations back to the back flow. However the use of low
pressure regulators has disadvantages, in particular be-
cause ofthe impacton CO, emissions. Anotherapproach
is to arrange inlet orifices in the low pressure return line
but, as they restrict the flow cross section, the low pres-
sure pump of the fuel circuit is then required to provide
additional flow to compensate the restriction.

[0005] In our previous co-pending patent application,
PCT/EP2014/076371 (unpublished), a solution is pro-
posed to include an integral fluid damper in the camshaft
so as to damp pressure waves propagating in the fluid
lubricating the camshaft.

[0006] It is an object of the invention to propose an
alternative solution to the aforementioned problem.

SUMMARY OF THE INVENTION

[0007] Accordingly, itis an object of the presentinven-
tion to address the above mentioned problems by pro-
viding a fluid pump, such as a fuel pump, comprising a
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housing within which is received, between rotational
guiding means, a camshaft cooperating with a pumping
plunger. The camshaftis arranged to rotate and actuates
the pumping plunger to reciprocally move to pressurize
fuel within a pump chamber. The camshaft is provided
with anintegral fluid damper comprising a bellows device
so that hydraulic waves propagating in a fluid lubricating
the camshaft and flowing through the rotational guiding
means are damped by the bellows device.

[0008] The fluid pump is typically a fuel pump of the
type used in a compression ignition internal combustion
engine, or a pump for another type of fuel.

[0009] The fluid which lubricates the camshaft and the
rotational guiding means may be the same fluid that is
pressurized by the pump (for example fuel), but need not
be the same. For example, a lubricant such as oil may
lubricate the camshaft, whilst the pump delivers pressu-
rized fuel.

[0010] The fluid which lubricates the camshaft and the
rotational guiding means is typically derived from a flow
of fuel in a low pressure circuit of the pump. Typically,
the low pressure circuit includes a low pressure return
line, a low pressure inlet flow to the pump, which derives
from the low pressure return line, and the cam box which
houses the cam shaft.

[0011] The deformation of the bellows device (also re-
ferred to as 'bellows’), in use, by the propagation of pres-
sure waves within the low pressure circuit enables hy-
draulic pressure pulses to be absorbed. The provision of
the integral damper incorporating a bellows device is a
solution to the problem of hydraulic pressure pulses that
provides advantages as it can be manufactured with min-
imum effort and a low number of parts and, hence, cost.
[0012] The hollow part of the camshaft may be open
at one end to communicate with fluid in the low pressure
circuit downstream of the rotational guiding means.
[0013] In another embodiment, the hollow part of the
camshaft may be closed at one end so that there is no
communication between the hollow part and fluid in the
low pressure circuit downstream of the rotational guiding
means.

[0014] The bellows device may be fixed at or near one
end to the camshaft, for example with one or more weld
points. The means of fixing (e.g. weld points) may be the
means by which the hollow part is closed to communica-
tion with the fluid in the low pressure circuit downstream
of the rotational guiding means.

[0015] In another embodiment, the hollow part of the
camshaft may be open at one end to communicate with
fluid in the low pressure circuit downstream of the rota-
tional guiding means (e.g. by having a reduced number
of weld points). In other words, the fixing means may be
configured to close communication between the hollow
part and the fluid in the low pressure circuit downstream
of the rotational guiding means.

[0016] The bellows device may, in one embodiment,
take the form of bellows which are filled with a gas to
enhance damping of the pressure pulsations in the fluid.
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The gas may be pressurized or unpressurised. In other
embodiments, the bellows device need not be gas-filled.
[0017] Typically, the rotational bushings take the form
of coaxial bushings (i.e. first and second bushings) which
are spaced apart along the camshaft with the camshaft
extending therethrough.

[0018] The camshaftis partially hollow to define a blind
bore within which the bellows device is arranged. The
blind end of the bore may communicate with a channel
extending through the wall of the camshaft so as to es-
tablish a fluid communication between the external sur-
face of the camshaft and the bore in the camshaft. The
channel may communicate with the low pressure circuit
e.g. in the region of the low pressure inlet to the pump.
[0019] In contrast to the known low pressure regulator
solution, ifthere is no flow between the inlet to the damper
and the low pressure circuit, there is an advantage be-
cause there is noimpacton CO, emissions due to wasted
energy.

[0020] In one embodiment, the camshaft is a compos-
ite shaft comprising a cylindrical axle shaft over which a
cam form is press fitted, for example. The camshaft may
conveniently take the form of a relatively cheap compo-
nent, such as a steel tube, onto which the cam form is
fixed and into which the bellows device may be fixed.
[0021] In another aspect the invention resides in a
camshaft for a fluid pump of the aforementioned type
having a blind bore formed therein and comprising a bel-
lows device located within the blind bore to damp pres-
sure waves propagating within the low pressure circuit.
The fluid pump is typically a fuel pump for useinan engine
such as a compression ignition internal combustion en-
gine.

[0022] Withinthe scope of this application itis express-
ly envisaged that the various aspects, embodiments, ex-
amples and alternatives set out in the preceding para-
graphs, in the claims and/or in the following description
and drawings, and in particular the individual features
thereof, may be taken independently or in any combina-
tion. That is, all embodiments and/or features of any em-
bodiment or aspect can be combined in any way and/or
combination, unless such features are incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The presentinvention is now described by way
of example only with reference to the accompanying
drawings in which:

Figure 1 is a schematic illustration of a fuel circuit in
a vehicle;

Figure 2 is a cross section of a fluid pump according
to a first embodiment of the invention; and

Figure 3 is a cross section of a fluid pump according
to another embodiment of the invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] Inthe following description, similar elements will
be designated with the same reference numbers. Also,
to ease and clarify the description the orientation of the
figures will be referred to without any limiting intention.
Therefore, words and expressions such as "left or right,
and front and back" may be utilized without intending to
impart any limitation.

[0025] Figure 1 is a representation of a vehicle 8 in-
cluding an engine 10 having fuel equipment 12. This is
not limited to any specific type of vehicle, or of fuel, and
the teachings of the invention are applicable to diesel as
well as to gasoline or any other fuel, and indeed to any
type of fluid pump.

[0026] In the rear of the vehicle 8 are arranged a fuel
tank 14 and a low pressure pump 16 and, in the front, on
the vehicle engine 10, are arranged a high pressure pump
18, a manifold 20, also known as a common-rail, distrib-
uting high pressure fuel from the high pressure pump 16
to a plurality of injectors 22. These components are ar-
ranged in fluid communication with each other via a low
pressure fuel supply line 24 extending from the tank 14
to the high pressure pump 18, a high pressure circuit 26
confined between the high pressure pump 18, the man-
ifold 20 and the injectors 22 and, a low pressure circuit
including a fuel return line 28 extending from the front to
the rear of the vehicle 8 to flow some fuel back from the
injectors 22 to the tank 14.

[0027] Numerous variants of fuel equipment 12 exist
with vehicles 8 having the engine in the front or in the
rear and the fuel tank arranged at the other end. It is
usual for both the low pressure supply and return fuel
lines 24, 28 are relatively long and extend between the
front and the rear of the vehicle 1. Together, these fuel
lines 24, 28 form the low pressure circuit for the pump,
which also includes the cam box within which the cam
shaft is housed. Within the low pressure circuit, low pres-
sure fuel flows and hydraulic waves or pressure waves
propagate. For example, the hydraulic waves are gener-
ated by the operation of the high pressure pump or by
an injection event.

[0028] A first embodiment of the invention is now de-
scribed in reference to Figure 2 which shows the drive
part of the high pressure fuel pump 18. The pump 18
comprises a fixed housing comprising a left (front) part
32 spaced apart from aright (rear) part 34. The front and
rear housing parts 32, 34 may be part of one and the
same housing, spaced by a bore 35 provided between
them, or the parts 32, 34 may be separate housing parts
with a space 35 in between. A camshaft 36 extends
through the parts 32, 34 and is arranged for rotation within
the housing 32, 34. The camshaft 36 extends along a
first longitudinal axis A1 and cooperates with a pumping
plunger or piston (not shown) via a cam 40 and a cam
follower (also not shown). In the embodiment in Figure
2, the camshaft 36 has one cam form 40 arranged be-
tween the housing parts 32, 34.
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[0029] To enable rotation of the camshaft 36 within the
housing, each housing part 32, 34 is provided with a re-
spective front or rear bushing 38a, 38b. The bushings
38a, 38b are coaxially arranged with the longitudinal axis
A1 of the camshaft 36.

[0030] As the camshaft 36 rotates, in use, the cam 40
drives the cam follower which cooperates with the pump-
ing plunger (or a tappet coupled thereto), to cause the
plunger to reciprocate within a plunger bore, aligned
along a second axis, A2. Reciprocal motion of the plunger
within the plunger bore causes fuel within a high pressure
pump chamber at the end of the plunger bore to be pres-
surised. Multiple plungers may be driven by the same
camshaft 36 depending on the configuration of the fuel
pump.

[0031] As indicated by the arrows in Figure 2, a flow
of fuel F taken from the low pressure return fuel line is
delivered along an inlet path to provide an inlet flow to
lubricate the bushings 38a, 38b and the camshaft 36.
The fuel flow F divides into a front back flow FF and a
rear back flow FR. Each of the back flows FF and FR
passes through its respective bushing 38a, 38b and lu-
bricates the rotating surfaces of the bushing 38a, 38b
and the camshaft 36. The front back flow FF collects in
an annulus just forward of the front bushing 38a, and
exits to the tank 14 via a drilling 39 provided in the front
housing part 32. The rear back flow FR flows between
the camshaft 36 and the rear bushing 38b and flows
through a rear chamber 41 located adjacent to the rear
of the rear housing part 34 before exiting to the tank 14.
Hydraulic waves propagate in the back flows FR, FF gen-
erating undesired pulsations in the low pressure circuit
(comprising the return flow lines FR, FF, the inlet flow to
the pump and the cam box), and it is an object of the
invention to reduce the impact of such pulsations.
[0032] There are various reasons for pressure oscilla-
tions in the low pressure circuit. The main reason is the
movement of the camshaft 36 with the associated move-
ment of fluid. This fluid under motion leads to various
reflections and wherever the free flow is hindered by ge-
ometrical obstacles, pressure spikes appear and are im-
mediately transmitted throughout the low pressure cir-
cuit. To overcome these undesirable effects, the cam-
shaft 36 is provided with a fluid damper comprising a
bellows device 42 in the form of bellows mounted within
ablind bore 44 provided inthe camshaft 36. The camshaft
36 is thus partially hollow to define the blind bore 44, with
the bore 44 extending axially inside the camshaft 36
along the axis A1 from a pointapproximately at the middle
of the camshaft 36 to the right (rear) extremity of the
camshaft 36 where it opens into the rear back flow FR.
The blind end of the bore 44 is located between the front
and rear bushings 38a, 38b.

[0033] Theblind bore 44 is in fluid communication with
the interior of the pump 10 via a channel 46 which extends
from the blind bore 44, in the vicinity of the blind end, to
the outer surface of the camshaft 36 in the space 35
between the housing parts 32, 34. The bellows 42 are
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mounted within the bore 44 with afirst end thereof located
at the rear of the bore 44, adjacent to the rear back flow
FR. The first end of the bellows 42 is fixed within the blind
bore 44, to the rear end of the camshaft 36, via a fixing
means in the form of a plurality of welds 50 which close
communication between the bore 44 and the rear back
flow FR. The bellows 42 take the form of an expandable
and contractible vessel with concertinaed sides which
flatten out in the absence of a pressure pulse to elongate
the vessel, and collapse back to adopt a shorter, wider
state when a pressure pulse is applied. The bellows 42
are filled with a gas to provide a means for damping pres-
sure waves propagating in fluid within the bore 44 as the
bellows 42 are compressed against the gas, in use. The
bellows 42 may be filled with pressurised gas, or unpres-
surised gas, depending on the extent of expected pres-
sure pulsations and, hence, the extent of damping re-
quired. In other embodiments the bellows 42 need not
be filled with a gas at all.

[0034] In operation, the inlet flow F from the low pres-
sure fuel return line 28 fills the inside of the bore 44 via
the channel 46. The hydraulic waves propagating along
the inlet flow F therefore enter the channel 46, and com-
press the bellows 42 so that the waves are damped be-
fore they propagate further through the bushings 38a,
38b to form the back flows, FF and FR.

[0035] In another embodiment, as shown in Figure 3,
the bellows 42 are fixed at or near the end of the blind
bore 44 by a reduced number of weld points 50 (two in
the illustration shown) so that communication between
the end of the bore 44 and the rear back flow FR of the
low pressure circuit is maintained.

[0036] Reference in this specification to bellows or a
bellows device shall be taken to mean any expansible
and contractible vessel, the volume of which can be
changed by compression or expansion, by means of a
force due to applied pressure, so as to absorb pressure
pulses. A bellows device typically has concertinaed
sides, as shown in the illustrations in Figures 2 and 3, to
allow it to contract/collapse in length. However, other em-
bodiments are envisaged which would also provide a bel-
lows-type function. For example, in another embodiment
the bellows device is provided by a plurality of conical
washers arranged in a stack and compressible to reduce
the length of the stack to absorb the pressure pulses. It
is also envisaged that the bellows device may take the
form of a single compressible element, which expands
and contracts to change its volume by displacing a fluid
or gas through an outlet so as to absorb the pressure
pulses.

[0037] The camshaft 36 in embodiments of the inven-
tion may be a mono-bloc construction, made of one piece
with the integral cam form 40, or can be composite, made
of a cylindrical axle cam shaft over which is fixedly ar-
ranged a cam form. An advantage of the latter construc-
tion is that a lower grade steel may be used for the cam-
shaft (e.g. a steel tube) than that which is used for the
cam.
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[0038] It will be appreciated by a person skilled in the
art that the invention could be modified to take many al-
ternative forms to that described herein, without depart-
ing from the scope of the appended claims.

Claims

1. A fluid pump (18) comprising a housing (30) receiv-
ing a camshaft (36) which is rotatable within rotation-
al guiding means (38a, 38b), the camshaft cooper-
ating with a pumping plunger of the fluid pump to
actuate the pumping plunger to reciprocally move in
order to pressurize fluid within a pump chamber, the
camshaft (36) being exposed to a fluid to lubricate
the camshaft, in use, characterized in that the cam-
shaft (36) is provided with an integral fluid damper
(42) comprising a bellows device (42) configured to
damp hydraulic waves propagating in the fluid lubri-
cating the camshaft (36) and flowing through the ro-
tational guiding means (38a, 38b).

2. The fluid pump (18) as claimed in claim 1, wherein
the camshaft (36) is partially hollow (44), and where-
in the bellows device (42) is arranged inside the hol-
low part (44).

3. The fluid pump (18) as claimed in claim 2, wherein
the camshaft (36) is further provided with a channel
(46) extending through the wall of the camshaft (36)
establishing a fluid communication between the ex-
ternal surface of the camshaft (36) and the hollow
part (44).

4. The fluid pump (18) as claimed in claim 2 or claim
3, wherein the hollow part of the camshaft (36) is a
blind bore (44).

5. The fluid pump (18) as claimed in any of claims 2 to
4, wherein the hollow part (44) receives fuel from a
low pressure circuit of the pump.

6. The fluid pump (18) as claimed in any of claims 2 to
5, wherein the hollow part (44) of the camshaft (36)
is open at one end to communicate with fluid in the
low pressure circuit downstream of the rotational
guiding means (38a, 38b).

7. The fluid pump (18) as claimed in any of claims 2 to
5, wherein the hollow part (44) of the camshaft (36)
is closed at one end so that there is no communica-
tion between the hollow part (44) and fluid in the low
pressure circuit downstream of the rotational guiding
means (38a, 38b).

8. The fluid pump (18) as claimed in any of claims 1 to
7, comprising a fixing means for fixing the bellows
device (42) to the camshaft (36) at or near one end
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10.

1.

12.

13.

14.

15.

of the camshaft (36).

The fluid pump as claimed in claim 8, wherein the
fixing means (50) comprises one or more welds (50).

The fluid pump (18) as claimed in claim 8 or claim 9
when dependent on claim 7, wherein the fixing
means is configured to close communication be-
tween the hollow part (44) and fluid in the low pres-
sure circuit downstream of the rotational guiding
means (38a, 38b).

The fluid pump (18) as claimed in any of claims 1 to
10, wherein the bellows device (42) includes bellows
filled with a gas.

The fluid pump (18) as claimed in claim 11, wherein
the gas is pressurized.

The fluid pump (18) as claimed in claim 11, wherein
the gas is unpressurised.

The fluid pump (18) as claimed in any of claims 1 to
13, wherein the camshaft (36) is a composite shaft
comprising a cylindrical axle shaft to which a cam is
fitted.

The fluid pump (18) as claimed in claim 14, wherein
the cam (40) is press fitted onto the composite shaft.
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